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DESCRIPTION 

CONTROL DEVICE OF \^HICLE DRIVI^JG F OR A VEffiCLE M OTOR 

CROSS-REFERENCE TO RELATED APPLICATION 

rOOOl l This apDlication is the National Phase of International Application No. 

PCT/JP2004/013976 filed September 16, 2004, w hirfi claim s priority from Japanese Patent 
Application No, 2003-322510. The entire disclosures of the prior applications are 
incorporated bv reference herein in their entireties. 

BACKGROUND 

Technical Field 

[0002] The present invention relates te -to a control d e viceG device of vehiclo - 
driving motors, for a vehicle motor. 
Background i\rt 

[0003] A typical type of T here exists a control device ef ^for a vehicl e dri\ing motor 
that includes i ncludes a t orque-controlling means for controlling device that controls fe ea 
torque of the vehicl e driving motor, and of stall-detecting means for detecting device that 
detects fe e-a stalled state of the vehicle. When the stall-detecting means device d etects a 
stalled state of the vehicle, the torque-controlling means device c ontrols the motor so as to 
reduce the torque. 

[0004] According to an example of such a control device, the torque of Sie-a 
traction motor is reduced upon the detection o fd etecting the stalled state of the vehicle such 
that_a speed or an^acceleration ef of a b ackward movement of the vehicle is less than of equal 
to the-aj)redetermined speed. Furthermore, an allowed time during which the vehicle 
remains stalled is set on the basis of b ased on t he torque applied to the traction motor, and the 
torque is reduced as above only w hen the stalled time exceeds the allowed time (See Patent 
Document 1). (See, for exaniple, Japanese Unexamined Patent Application PubUcation No. 
7-336807 (paragraph numbers 0015 to 0021, Fig. D). A ccordingly, the vehicle moves 
backward due to the torque-reducing control, and a rotor of the motor is rotated based on feisr 
the torque reducing contact. T hus, the current-carrying phase is switched such that the 
current does not intensively flow intcnsivoly in a particular phase. 

[0005] Moreover, according to another example of the control device, when a motor 
5 is determined as -to be locked or statfled (Steps SI 1, 12), a restrictive torque ^xr. depending 
on a maximum junction temperature Tj^^^ of a switching elenient of an inverter circuit 
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ckcmkis calculated (Step S27). When the restrictive torque tt is less than an indicative 
torque tc of the ffleteFrmotor and the phase range is equal to the previous state, a limited 
torque TL is reduced by a displacement torque Ax by subtracting Ax from the restrictive 
torque xr (Steps S29 to S37). Accordingly, the phase range is changed so as to release the 
locked state (Soo Patent Documont 2'). (Japanese Unexamined Patent Apphcation Publicatinn 
No. 1 1-215687 rpa raeranh numbers 0020 to 0029. Fie. 2V 

Patent Documont 1 io Japanoso Unoxominod Patent Application Publication 7 

336807 (paragraph numboro 0015 to 0021, Fig. 1). Patent Documont 2 in Japanooo 
Unoxominod Patent Apphcotion Publication No. 1 1 215687 (paragraph numbers 0020 to 
0029. Fig. 2). 

SUMMARY 

[0006] In the former control device, concentration of a current on a particular phase 
can be prevented by the torque-reducing process to the motor. Since the motor torque is 
reduced on tho baain o f based on the magnitude and the continued time of the indicative tprque 
regardless of each temperature of the phases, the motor torque is further reduced even though 
the current-carrying phase on which the current is concentrated is changed to a phase whose 
temperature is not raised by the torque-reducing process, thus r esulting in a reduction e#of a 
driving pCTformance of the vehicle. 

[0007] In the latter control device, the torque-reducing control of the motor can be 
stopped by changing flie current-carrying phase on which the current is concentrated. Since 
the motor torque is reduced on tho baaio of b ased on the maximum detected temperature, the 
motor torque is reduced in response to the temperature of the current-carrying phase -phase. 
whose temperature is raised even though the current-cairying phase on which the current is 
concentrated is changed. Therefore, even though the current-carrying phase on which a 
current is concentrated is switched to one of the other two phases bafyjag -having a s maller 
temperature rise, the motor torque is restricted and the driving perfonnance of the vehicle is 
reduced. 

[0008] The pr e nont Hmn'm in prnHimari .j^ ^n , t] ^p nboYD d oj c rib c d problems, 

and an objoot of tho p resent invention is to improvo t hus improves a driving performance and 
a.driving feel of a stalled vehicle by reducing the torque of a motor using a temperature of a 
particular phase selected on tho baoio of b ased on a current phase of the motor. 
Disclosure of hivontion < 
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- [0009] Th e pr e sent invontion pro\ddos A ccording to an exemplary aspect of the 

invention, a control device of a vehicle motor includes a temperature sensor that detects a 

temperature of each coil, each coil supplying an altemating current to a corresponding phase 

of the motor and a controller that controls a torque of the vehicle motor: detects a stalled 

state of a vehicle: detects a current phase angle of the vehicle motor: and selects one of the 

temperatures detected bv the temperature sensor based on a detected current phase angle. 

wherein the torque of the vehicle motor is reduced when the stalled state of the vehicle is 

detected and when a selected temperature exceeds a restrictive temperature, 

[0010] According to another exemplary aspect of the invention, a method of operating 

a vehicle motor includes detecting a temperature of each coil, each coil supplying an 

altemating current to a corresponding phase of the motor: controlling a torque of the vehicle 

motor: detecting a stalled state of a vehicle: detecting a current phase angle of the vehicle 

motor: and selecting one detected temperature based on a detected current phase angle, 

wherein the torque of the vehicle motor is reduced when the stalled state of the vehicle is 

detected and when a selected temperature exceeds a restrictive temperature, 

a control dovico of a vehicle driving motor including torque controlling means for controlling 
the torque of th e vehicle driving motor, stall detecting moans for detecting a stalled stat e of 
the vehicle, temperature detecting means for detecting tomperaturos of coils each supplying 
an alternating current to respectiv e phases of the motor, current phase detecting means for 
detecting a phase of currents flowing in the motor, and temperature selecting means for 
selecting on e of the temperatures dotoctcd by the t e mperatur e detecting means on th e basis of 
the phase det e cted by the current phase detecting means. The control de\dco is characterizod 
in that the torqu e controlling means reduces the torqu e when the stall d e tecting means detects 
a stalled stat e of the vehicl e and wh e n thd temperature select e d by the t e mperature dotooting 
moans exceeds a restrictive t e mperature. 

[0010] — Accordingly, in a v e hicle stalled on a hill, wh e n a temperature of a phase on 

which a current is concentrated reaches a restrictive temperature, th e torque is reduced. 
Accordingly, the vehicle moves slightly baclcvvard, and the current carrying phaso on which 
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the curront io ooncentratod is changod, Whon tfao curront carrying phaso is changod, a torquo 
reducing procoGs is conductod on tho basis of tfao t e mporature of the n e w ourront parrying 
phaso. Thus, the torqu e reducing proooss is porformod on the basis of the temporaturo of the 
activo phase in which a curront flows, and thorofor e the torque reducing procoss is conductod 
less jfroquontly comparod with tho Ioiowti technologies in which the torque reducing process 
ID conducted on tho basis of tho indicative torque or the maximum temperature. Accordi egly- 
gradabiht>^ of tho vohiclo is ensured, and driving porformano e and driving feel of the stalled 
vehicle can bo improved, 

[0011] — In tho control device of tho vehicl e driving motor according to tho present 

invention, th e temperature selecting means selects a t e mperature of a pr e determined phaso 
when the phaso detected by the current phaso - det e cting m e ans is within a prodetorH riae^ 
range where a maximum current flows in the pr e d e termined phase. Accordingly, the phaso in 
which the maximum current flows can be exactly identified with a simple stmcturo. 

[0012] — In the control device of tho vehicl e driving motor according to tho prosont 

invention, the phage is calculated on the basis of a rotational angle of the motor. Accordingl y^ 
the curront phaso can bo derived with a simple structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Various aspects of the invention will be described with reference to the 
drawings, wherein: 

[0015] Fig. 1 is a block diagram illustrating a control device of a vehicle 
drivin g vehicle motor according to an embodiment of the present invention; 

[0016] Fig. 2 is a flow chart of a program executed in the control device shown in 

Fig. 1; 

[0017] Fig. 3 is a flow chart of a program executed in the control device shown in ' 

Fig. 1; 

[0018] Fig. 4 illustrates the relationship between the amphtude and the phase of 
currents in the motor shown in Fig. 1 ; 

[0019] Fig. 5 illustrates the relationship between a torque-restricting rate and a 
phase temperature in the motor shown in Fig, 1; 

[0020] Fig. 6 illustrates the relationship between a motor speed and a maximum 
torque of the motor shown in Fig. 1 ; and 

[0021] Fig. 7 is a time chart illustrating operations executed ia the control device 
shown in Fig. 1 . 
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DETAILED DESCRIPTION OF EMBODIMENTS 
Best Mode for Carrying Out the Invention 

[0022] A control device of a v e hicle drivin g vehicle motor according to an 
embodiment of the present invention will now be described with reference to the dravraigs. 
Fig. 1 is a block diagram illustrating the structure of the vehicle including the control device. 

[0023] This vehicle is a so-called electric car including a motor 10 as a driving 
sourc e , and ia driven bv the motor 1 0. This source. The m otor 10 is a three-phase 
altemating-current (AC) motor, and includes stators (not shown) around which coils 11, 12, 
and 13 are woxmd. The coils 11,12, and 13 supply the three phases of the motor, i.e. a U 
phase, a V phase, and a W phase, with altemating currents. The coils 11, 12, and 13 are 
connected to an inverter circuit 21 . The inverter circuit 21 converts a direct-current (DC) 
voltage supplied by a battery 22 functioning as a DC power source into an AC voltage, and 
sequentially supplies the AC voltage to the coils 1 1, 12, and 13 of the U phase, the V phase, 
and the W phase, respectively. The motor 10 is driven by the supply of the AC voltage to the 
phases. 

[0024] Temperature sensors 1 la, 12a, and 13a are embedded in the coils 11,12, and 
13, respectively, so as to measure factual fi.e.. actual m easurement) the temperatures of the 
respective coils. The temperatures of the coils 11,12, and 13 detected by the respective 
temperature sensors 11a, 12a, and 13a, i.e. a U-phase temperature, a V-phase temperature, 
and a W-phase temperature, are sent to a control device 30. 

[0025] Fig. 4 illustrates the relationship between the amplitude in the U phase, the 
V phase, and the W phase and the phase 9 of currents in the motor 10. The U-phase current 
positively peaks when the phase 0 is 0° and 360"", and negatively peaks when the phase 0 is 
180°. The V-phase current positively peaks when the phase 0 is 120'', and negatively peaks 
when the phase 0 is 300°. The W-phase current positively peaks when the phase 0 is 240°, 
and negatively peaks when the phase 0 is 60°. A period of each phase is 360°. Moreover, the 
U-phase current is set so as to positively peak when the phase 0 is 0°. Also, the phases of the 
currents are set so as to shift from each other by 120°. This phase 0 correlates with a 
rotational angle of the motor 10, and is calculated on the basis o f based on the rotational angle. 

[0026] As shown in Fig. 1, a rotation sensor 31 for detecting the rotational angle of 
the motor 10 and an accelerator-aperture sensor 32 for detecting the aperture of an accelerator 
(not shown) of the vehicle are connected to the control device 30. The rotation sensor 31 
sends the detected rotational angle of the motor 10 to the control device 30, and the control 
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device 30 calculates the number of revolutions of the motor 10 on the basis o f based on the 
rotational angle. The accelerator-aperture sensor 32 sends the detected accelerator aperture to 
the control device 30, and the control device 30 determines an indicative torque Ta in the 
motor 10 on the basis o fb ased on the rotational angle of the motor 10 and the accelerator 
aperture. The control device 30 sends the indicative torque Ta to the inverter circuit 21, and 
the inverter circuit 21 suppUes the motor 10 with an alternating current depoiding on the 
indicative torque Ta. 

[0027] The control device 30 includes a microcomputer (not shown), and the 
microcomputer includes input-output interfaces connected to the microcomputer via buses, a 
CPU, a RAM, and a ROM (all not shown). The CPU executes a program corresponding to a 
flow chart shown in Fig. 2. 

[0028] In the process, one of the temperatures of the three phases is selected on the 
basis o fb ased on the detected phase of the currents in the motor 10. When the vehicle is 
detected to be in a stalled state, and when the temperature of the selected phase exceeds a 
restrictive temperature, the torque of the motor 10 is reduced. The ROM stores the program, 
curves (computing equations, maps) illustrating the correlation between the amplitude and the 
phase 0 of the currents in the motor 10 shown in Fig. 4, a map illustrating the relationship 
between a torque-restricting rate and a coil temperature of each phase of the motor 10 shown 
in Fig. 5, and a map illustrating the relationship between a maximima torque and the number 
of revolutions of the motor 10 shown in Fig. 6. The RAM temporarily stores the computed 
values relating to the control. 

[0029] Next, operations of the control device of the vehicle drivin gv ehicle motor 
having the above-described structure will now be described with reference to flow charts 
shown in Figs. 2 and 3. While an ignition switch (not shown) of the vehicle is on, the control 
device 30 executes the programs corresponding to the flow charts every predetermined short 
period. The control device 30 calculates an indicative torque T* (Step 102) on the basis 
e fbased on the input accelerator aperture and the calculated number of revolutions of the 
motor 10 everv -at a start of the program in Step 100 shown in Fig. 2. 

[0030] Then, the control device 30 detects whether the vehicle is stalled or not (Step 
104). When the (1) absolute value jN HNL indicative of the number of revolutions N of the 
motor calculated on the baois o f based;on the input rotational aagte -angle. is less than or equal 
to a predetermined value NO (for example, 100 rpm), and when the (2) absolute value |T*| of 
the indicative torque ^P ^T*, c alculated on the basis o fb ased on the input accelerator aperture 
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and the calculated number of revolutions N of the motor 40-10, is more than or equal to a 
predetermined value Tn, the control device 30 detemiines that the vehicle is stallod, otfaorwiGO 
stalled. Otherwise t he vehicle is not stalled. 

[0031] When the vehicle is not stalled, the control device 30 determines "NO" in 
Step 104, and then outputs the indicative torque T* calculated in Step 102 to the inverter 
circuit 21 so as to control the motor 10 at a torque depending on the indicative torque T* in 
Step 106. That is to say, the control device 30 conducts an ordinary torque control. 
Subsequently, the program proceeds to Step 108 so as to end temporarily. 

[0032] Next, when the vehicle is detected to be in the stalled state, the control 
device 30 determines "YES" in Step 104, and selects a phase whose temperature is to be 
measured on th e basis o fb ased on the phase 9 of the currents in the motor 10 in Step 110. 
That is to say, the control device 30 executes a subroutine shown in Fig. 3. 

[0033] In detail, the control device 30 calculates the phase 0 on th e basis of b ased 
on.the rotational angle detected by the rotation sensor 3 1 (Step 202) ev€fv -at the start of the 
subroutine in Step 200. When the calculated phase 6 is within a predetermined range of -01 < 
0 < 01, or 180® - 01 < 0 < 180° + 01, i.e. within a predetermined range where a maximum 
current flows in the U phase, the control device 30 selects the temperature of the U phase 
(Steps 204, 206). Moreover, when the phase 0 is within a predetermined range of 120° - 01 ^ 
0 < 120° + 01, or 300° - 01 < 0 < 300° + 01, i.e. within a predetermined range where a 
maximum current flows in the V phase, the control device 30 selects the temperature of the V 
phase (Steps 210, 212). Furthermore, when the phase 0 is within a predetermined range of 
60° - 01 < 0 < 60° + 01, or 240° - 01 < 0 < 240° + 01, i.e. within a predetermined range 
where a maximimi current flows in the W phase, the control device 30 selects the temperature 
of the W ghasei -phase (Steps 214. 216). I n addition, when the phase 0 is outside of these 
ranges (shaded ranges shovra in -at the bottom of F ig. 4), the control device 30 selects the 
highest temperature from the temperatures of tiie three phases (Steps 20 4 , 210, 21 4 , ( Step 
218). Herein, 01 is a predetermined value for determining a predetermined range, and is set 
such that the approximately maximum current flows within this predetermined range. In this 
embodiment, 01 is set to 5°. 

[0034] As described above, the control device 30 selects the phase whose 
temperature is to be measured on the basis o fb ased on the phase 0 in the motor 10, which is 
stalled or substantially stalled, and continues executing the program to Step 208 so as to 
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temporarily end the subroutine process. Then, the process proceeds to Step 1 12 shown in Fig. 
2. The control device 30 detects the temperature T of the selected phase in Step 112. 

[0035] When the temperature T detected in Step 1 12 is less than a restrictive 
temperature Ts, the control device 30 conducts the ordinary torque control og deGcribod above 
(Steps 1 14, 1 16, 106). In detail, the control device 30 calculates a torque-restricting rate r| 
(%) from the map illustrating the relationship between the torque-restricting rate and the coil 
temperature (phase temperature) shown in Fig. 5 and the detected phase temperature of the 
selected phase in Step 1 14. Then, in Step 1 16, the control device 30 calculates the product of 
the maximum torque T».o^ calculated based o n dep e nding on the number of revolutions of the 
motor 10 calculated from and the curve shown in Fig. 6^ and the torque-restricting rate 
calculated as described above, aad -with t he quotient of the value divided by 100 (i.e. a 
restrictive torque, or the maximum torque that can be output at the temperature and the 
number of revolutions); and compares the result with the indicative torque T*. When the 
indicative torque T* is less than or equal to the restrictive torque, the control device 30 
conducts the ordinary torque control using the indicative torque T*. 

[0036] On the contrary, when the temperature T is more than or equal to the 
restrictive temperature Ts, the control device 30 calculates a reduced indicative torque for 
setting a torque lower than that of the ordinary control conducted until immediately before, 
and outputs the calculated indicative torque to the inverter circuit 21 so as to control the 
motor 10 at a torque depending on the reduced indicative torque (Steps 1 14 to 1 18, 106). 
That is to say, the control device 30 reduces the torque. In detail, the control device 30 
calculates the torque-restricting rate r\ (%) as described above (Step 1 14), and compares the 
restrictive torque with the indicative torque T* (Step 1 16). When the indicative torque T* 
exceeds the restrictive torque, the control device 30 sets the restrictive torque as a new 
indicative torque T* (Step 118V In both cases, the program proceeds to Step 108 so as to end 
temporarily. A reduced indicative torque Tb is preferably set such that the vehicle gradually 
moves back. 

[0037] Next, operations of a vehicle including the control device operating as above 
will now be described with reference to Fig. 7. Fig, 7 is a time chart illustrating the 
temperatures of the three phases in the motor 10, the temperature of the selected phase, and 
the position of the vehicle, respectively, from top to bottom. 

[0038] When the vehicle on^ hill is stalled at time tO due to a balance between a 
backward movement by the weight of the vehicle and a forward movement by the torque of 



the motor 10, a phase whose temperature is to be detected is selected (Steps 102, 110). In the 
example shown in Fig. 7, the phase 0 of the currents in the stalled motor 10 ranges within -01 
< 0 < 01. Accordingly, the U phase is selected for the temperature detection. Immediately 
after the motor is stalled, the U-phase temperature is considerably lower than the restrictive 
temperature Ts. The vehicle remains halted at a stopping position A imtil the U-phase 
temperature exceeds the restrictive temperature Ts. Since the motor 10 is stalled while the 
phase 0 ranges within -01 < 0 < 01 after time tO, most of the current flows in the U phase, and 
the U-phase temperature rises at a faster rate than those of the other phases. 

[0039] When the U-phase temperature exceeds the restrictive temperature Ts at time 
tl, the control device 30 calculates an indicative torque lower than that up to time tl (Step 
116), and controls the motor 10 at the indicative torque (Step 106). Consequently, the torque 
of the motor 10 is reduced, and the vehicle, which was halted up to time tl due to the balance, 
moves backward. As a result, the vehicle is released from the stalled state and determined as 
unstalled, and an ordinary torque control is conducted (Steps 102, 104). Accordingly, the 
vehicle gradually stops the backward movemen t when the phase in which the current flows 
changes, is re-stalled at time t2, and stops at a stopping position B. 

[0040] At time t2, the control device 30 determines that the vehicle is stalled as in 
the case of time tO, and selects a phase whose temperature is to be detected (Steps 102, 110). 
Dxiring a period fix^m time tl to time t2, the phase 0 advances by substantially 60° due to a 
slight backward movement of the vehicle, and the vehicle stops in this state. Accordingly, the 
phase 0 ranges within 60° - 01 < 0 < 60° + 01, and thus the W phase is selected for the 
temperature detection. At time t2, the W-phase temperature is higher than that at the start of 
the stalled state (time tO). However, the W-phase temperature is the lowest of those of the 
three phases, and is lower than the restrictive temperature Ts. Therefore, the vehicle remains 
halted at the stopping position B imtil the W-phase temperature exceeds the restrictive 
temperature Ts. Since the motor 10 is stalled while the phase 0 ranges within 60° - 01 < 0 < 
60° + 01 after time t2, most of the current flows in the W phase, and the W-phase temperature 
rises at a faster rate than those of the other phases. 

[0041] When the W-phase temperature exceeds the restrictive temperature Ts at 
time t3, the control device 30 reduces the torque of the motor 10 as in the case of time tl. 
Thus, the vehicle, which was halted up to time t3 due to the balance, moves backward. 
Subsequently, the ordinary torque cofitrol is conducted to the vehicle, the vehicle is re-stalled 
at time t4, and stops at a stopping position C. 
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[0042] At time t4, the control device 30 determines that the vehicle is stalled as in 
the case of time tO, and selects a phase whose temperature is to be detected (Steps 102, 1 10). 
During a period from time t3 to time t4, the phase 9 advances by substantially 60° due to a 
slight backward movement of the vehicle, and the vehicle stops in this state. Accordingly, the 
phase 9 ranges within 120° - 91 < 0 < 120° + 91, and thus the V phase is selected for the 
temperature detection; At time t4, the V-phase temperature is higher than that at the start of 
the stalled state (time tO). However, the V-phase temperature is lower than the restrictive 
tismperature Ts. Therefore, the vehicle remains halted at the stopping position C imtil the 
V-phase temperature exceeds the restrictive temperature Ts. Since the motor 10 is stalled 
while the phase 0 ranges within 120° - 01 < 0 < 120° + 91 after time t4, most of the current 
flows in the V phase, and the V-phase temperature rises at a faster rate than those of the other 
phasjes. 

[0043] When the V-phase temperature exceeds the restrictive temperature Ts at time 
t5, the control device 30 reduces the torque of the motor 10 as in the case of time tl. Thus, 
the vehicle, which was halted up to time t5 due to the balance, moves backward. 

[0044] The above-described process is repeated until all the phase temperatures 
exceed the restrictive temperature Ts. When all the phase temperatures exceed the restrictive 
temperature Ts, the torque-reducing control is continuously conducted, and thus the vehicle 
continues moving backward, 

[0045] As described above, when a temperature of a phase in a stalled vehicle 
reaches the restrictive temperature Ts, the vehicle moves backward due to the reduced torque, 
and the phase 9 is shifted. When the vehicle is re-stalled, a phase whose temperature does not 
reach the restrictive temperature Ts can be used until all the phase temperatures exceed the 
restrictive temperature Ts. 

[0046] In the above-described embodiment, the motor 10 is stalled within 
predetermined ranges of the phase 9 where a maximum current flows. When the motor 10 is 
stalled outside the predetermined ranges of the phase 9 (shaded ranges shown in Fig. 4), a 
phase having a maximum temperature may be selected from the three phases (Steps 200 to 
204, 210, 214, 218), the temperature maybe detected (Step 1 12) and compared with the 
restrictive temperature Ts (Step 1 14), and the torque may be controlled depending on the 
comparison (Steps 116, 104). 

[0047] As is clear from the ^ove-described description, according to this 
embodiment, when a temperature of a phase in a vehicle stalled on a hill reaches the 
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restrictive temperature Ts, the torque is r e duc e d j educed and the vehicle moves slightly 
backward. Then, the phase in which the current flows chang e s x hanges and the vehicle is re- 
stalled. At this time, when the temperature of the particular phase selected according to the 
phase 0 in the motor 10 in this state does not reach the restrictive temperature Ts, the control 
device 30 compares the phase temperature and the restrictive temperature Ts. Whereas the 
phase temperature reaches the restrictive temperature Ts, the control device 30 repeats the 
torque-reducing process imtil the motor 10 stops at a phase temperature less than the 
restrictive temperature Ts. Thus, compared with the known technologies in which a time 
period before a torque-reducing control starts in one of the phases is short, gradabiUty of the 
vehicle is ensured for a long period of time before the torque-reducing control starts in all the 
phases. Therefore, a.driving performance and a_driving feel of the stalled vehicle can be 
improved, 

[0048] Moreover, the control device 30 selects a temperature of a predetermined 
phase when the detected phase 6 is within predetermined ranges where a maximmn current 
flows in the predetermined phase. Accordingly, the phase in which the maximum current 
flows can be exactly identified with a simple structure. Furthermore, since the phase 9 is 
calculated on the basis o fb ased on the rotational angle of the motor, the phase G can be 
derived with a simple structure. 

[0049] In the above-described embodiment, the three temperature sensors 11a, 12a, 
and 13a for measuring the temperatures of the three coils are employed as-as_a,temperature- 
detecting meariG. device. H owever, only the temperature of one of the plurality of coils may 
be measured by a temperature sensor, and the temperatures of the other coils may be 
estimated on the basis o fl ^ased on the measured value. In this manner, the temperatures of all 
the phases can be detected with a simple structure. 

[0050] Moreover, in the above-described embodiment, the motor 10 is a three-phase 
AC motor. However, the motor 10 may be an AC motor having a plurality of phases. 

[0051] Furthermore, in the above-described embodiment, the relationship between 
the currents in the U phase, the V phase, and the W phase and the phase 9 in the motor 10 is 
not limited to that set above. The phases 9 of the currents at which the amplitudes peak may 
be set to arbitrary values as long as each of the amplitudes shifts fi-om each other by 120°. 
Industrial Apphcability 

[0052] As described above,'' the control device of the vehicl e drivin gv ehicle motor 
according to the present invention utilizes the temperature of the particular phase selected en 
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the basis o fb ased on the phase of currents in the motor to reduce the torque of the motor, and 
is appUcable to a case for improving the driving performance and the driving feel of the 
stalled vehicle. 

f 0053 1 According to an exemplary aspect of the invention, in a vehicle stalled on a 

hilL when a temperature of a phase on which a current is concentrated reaches a restrictive 
temperature, the torque is reduced. Accordinglv> the vehicle moves slightlv backward, and 
the current-carrying phase on which the current is concentrated is changed. When the 
current-carrying phase is changed, a torque-reducing process is conducted based on the 
temperature of the new current-carrying phase. Thus, the torque-reducing process is 
performed based on the temperature of the active phase in which a current flows, and 
therefore the torque-reducing process is conducted less frequently compared with the known 
technologies in which the torque-reducing process is conducted based on the indicative torque 
or the maximum temperature. Accordingly, gradability of the vehicle is ensured, and driving 
performance and driving feel of the stalled vehicle can be improved. 

[0054 1 According to another exemplary aspect of the invention, the phase in which 

the maximimi current flows can be exactly identified with a simple structure. 

[0055 1 According to another exemplary aspect of the invention, the current phase 

can be derived with a simple structure. 



